This issue of Microbial Biotechnology includes a review by L.P. Wackett on microbial-based fuels that brings into focus an emerging field of research in biotechnology that is becoming increasingly important (Wackett, 2008) . Biofuels are on fashion, and there are good reasons for it. Our current dependence on fossil fuels for energy generation is clearly not sustainable. Fossil fuels such as crude oil, natural gas or coal are non-renewable. The demand is continuously increasing and will continue to do so as economic growth goes on. However, the supplies are limited and the discovery of new reserves does not match the increasing needs. Furthermore, burning fossil fuels leads to a net increase in the atmospheric carbon dioxide, which is very likely contributing to the global warming process that is generating a growing concern. Current demands require energy sources that are sustainable, cheap and non-contaminant. It seems unlikely that a single energy source will solve all these problems in the years to come, which leaves us with diversification as the best solution. Among other alternatives, new technologies applied to the generation of biofuels are emerging as an attractive possibility that, in some cases, have already reached the markets.
Biofuels are not really new, because for example wood has been and it is still being used as an energy source. Modern technologies, however, and biotechnology in particular, are making big efforts to transform biomass from diverse sources into compounds that can serve as efficient fuels at a cost that can compete with current crude oil prices. Burning these biomass-derived compounds will release to the atmosphere CO 2 that had been previously fixed by photosynthesis, which makes them neutral from the point of view of global warming (Fig. 1) . In addition, biomass would be a renewable and sustainable source of fuels. However, when considering all costs from generation of the biomass to the production of the final product, it becomes clear that yields and costs are a problem to solve. The success of biofuels will rely in finding cost-effective processes to generate biomass-derived compounds with physicochemical properties that allow them to serve as substitutes for oil-derived fuels. This is not trivial. The review by L.P. Wackett puts together aspects of the problem that are normally discussed separately: a comprehensive description of known biological processes generating compounds potentially useful as biofuels, and the economical aspects regarding their practical implementation as a solution to current needs.
The review starts with the important question as to what constitutes a good motor fuel: it should be preferably a liquid or an easy to handle gas, stable, easy to store and to transport, highly combustible but not explosive, having a high energy to mass ratio, and inexpensive (Wackett, 2008) . Low-and medium-molecular-weight hydrocarbons meet most of these criteria, but those currently used as fuels derive from crude oil. However, many bacteria, plants and animals produce hydrocarbons for different means (Oro et al., 1967; Post-Beittenmiller, 1996; Greene and Gordon, 2003; Park, 2005) . This is why it is so frequent to find hydrocarbon-degrading microorganisms; they do not normally live on the hydrocarbons derived from man-made crude oil spills, but on those produced naturally by plants and algae. The bad news is that these hydrocarbons are produced in low amounts. A challenge of biotechnology is to increase the yields using cheap compounds as carbon source. Again, this is not trivial, but is an interesting emerging issue that is covered in detail in Wackett's review.
Other low-molecular-weight carbon compounds such as ethanol or butanol, or fatty acid alcohol esters (biodiesel), are good candidates as well, and are in fact currently finding their way into the markets. Still, there are many practical issues to solve. Ethanol production by biological means is not new, and even today it is still produced by fermentation and distillation, which has a limited efficiency. Obtaining yields allowing it to compete in price terms with crude oil as an energy source requires technological improvements leading to more efficient conversion methods. In this regard, several research efforts are underway to obtain sugars by enzymatic degradation of raw plant materials such as cellulose; these sugars would then be converted to ethanol (Doi, 2003 , and references therein). The biodiesel that is starting to be used in some countries for car engines is produced from renewable biomass by alkali-catalysed transesterification of triacylglycerols from plant oils with alcohols such as methanol or ethanol, yielding monoalkyl esters of long-chain fatty acids. Biodiesel has many advantages such as reduced emissions of sulfur, aromatic compounds or particles during combustion in diesel engines, and the fact that most of the carbon atoms derive from renewable biomass (Kalscheuer et al., 2006) . However, some problems are that the methanol used at present for transesterification is produced from fossil fuels, and that a substantial increase in biodiesel production would require the use of bulk plant materials such as cellulose, rather than plant oils. Biotechnology has again something to say here. Some microalgae have oil productivities that greatly exceeds that of the best-producing oil crops (Chisti, 2007) , and may well constitute a renewable source of oils for the subsequent synthesis of biodiesel. There are also some reports of non-photosynthetic bacteria that can accumulate substantial amounts of triacylglycerols and wax esters as storage material (Alvarez and Steinbuchel, 2002; Kalscheuer et al., 2007) . Finally, a recent very interesting paper reports on the development of an engineered Escherichia coli strain that, when fed with glucose and fatty acids, produces ethanol from glucose and catalyses the esterification of the fatty acids with the ethanol generated, rendering a biodiesel that has been named 'microdiesel' (Kalscheuer et al., 2006) . This is a very promising approach, although it still needs a further improvement so that the bacteria can generate sufficient amounts of fatty acids from glucose, rather than being provided with them.
Hydrogen is also a promising fuel (reviewed in VadarSchara et al., 2008) . It has a higher energy content than oil and its oxidation product, water, does not create an environmental problem. The drawback is that its high volatility creates serious storage problems. Current methods to produce hydrogen require plenty of energy. However, microbes can produce hydrogen at ambient temperature and pressure either by photosynthesis or by fermentation, using hydrogenases. Yields are low, however, although several research efforts are underway to improve hydrogen production by microbes through metabolic engineering (Maeda et al., 2007; Maeda et al., 2008) . A promising way to use the hydrogen produced by biological means is through microbial fuel cells, in which a suitable electrode (anode) captures electrons from the hydrogen produced by bacterial metabolism, releasing H + , thus generating an electrical current (Rabaey and Verstraete, 2005) . Efficient electricity generation depends not only on the optimization of hydrogen production by micro- Fig. 1 . Biofuels generated by microorganisms. Burning of fossil fuels releases CO2 to the atmosphere, generating a net increase in the concentration of this gas and contributing to global warming (dotted lines). Part of this CO2 can be fixed by plants or by photosynthetic microorganisms (dashed lines). Some microorganisms, using either CO2 (photosynthetic) or biomass as carbon source, can generate a number of carbon compounds that are useful as fuels (shaded in grey). Burning of these biofuels is neutral for global warming, as the CO2 generated ultimately derives from CO2 previously fixed from the atmosphere by photosynthesis. A challenge of biotechnology is to allow producing these compounds in a sustainable and economically feasible way.
organisms, but on the development of efficient electrodes to capture this hydrogen. The design of electrodes made of highly porous biocompatible scaffolds in which bacteria can proliferate in close contact with the electrode surface may help in the hydrogen uptake (Gutiérrez et al., 2007) .
In summary, biotechnology offers several alternatives regarding the development of biofuels, but there is still plenty of research to be made. Wackett's review provides a clear and comprehensive view on the current advances and possible new directions. It is a great challenge, but it is worth the effort.
